Apelin is an endogenous peptide that increases cardiac inotropism through its APJ receptor. Certain findings indicate that the apelinergic system may have a pathophysiological role in cardiovascular disease and there is evidence showing the role of the apelinergic system in blood pressure regulation in vitro and in animal models. The role of the apelin-APJ system in cardiovascular physiology and its interaction with other neuroendocrine pathways has not been fully elucidated. However, the small number of reported studies indicates that apelin signaling may be involved in the regulation of blood pressure, cardiac contractile function, fluid balance, angiogenesis and inhibition of apoptosis. We evaluated the possible relationship between the G212A and A445C APJ polymorphisms and coronary artery disease (CAD) in Italian patients and in healthy controls by RFLP-PCR. We analyzed the allelic and genotypic frequencies of APJ polymorphisms in 664 patients (378 with hypertension) and 143 controls. There were no differences between allelic and genotypic frequencies in patients in respect to the controls for both polymorphisms analyzed. In the CAD population, there was an increased frequency of the G212 allele in patients with hypertension in respect to patients without hypertension. No differences were present in the two subgroups for the A445C polymorphism. Although the functional role of the G212A polymorphism has not yet been identified, it is possible to hypothesize that the presence of the A allele may cause a gain in function of the apelin/APJ system associated with a lower risk of hypertension.
Introduction
Essential hypertension is one of the most common complex diseases resulting from genetic, environmental factors and their interaction. Genome-wide association studies have identified hypertension-susceptible genes, whereas the predicted genetic contribution has not been fully elucidated. The most studied genes are implicated in pathways related to the renin-angiotensin system as its activation and the production of angiotensin II play important roles in the progression of cardiac and renal disease (1, 2) .
Apelin is a novel peptide that acts through its G-proteincoupled receptor termed APJ. Apelin and APJ are both expressed extensively in body tissue (3) (4) (5) (6) (7) (8) (9) (10) . In particular, high concentrations of APJ are present in the cardiovascular system where this receptor is expressed on a number of cell types, including the endothelium, smooth muscle and myocytes (11) . The role of the apelin-APJ system in cardio vascular physiology and its interaction with other neuroendocrine pathways has not been fully elucidated. However, the small number of reported studies indicates that apelin signaling may be involved in the regulation of blood pressure (12) (13) (14) , cardiac contractile function (15) , fluid balance (16), angiogenesis (17) and inhibition of apoptosis (18) .
Tatemoto et al (12) suggested that apelin may be a new member of the family of vasoactive substances that include bradykinin, acetylcholine and serotonin, a group of agents that are known to stimulate NO production via activation of eNOS in endothelial cells. In addition, Ishida et al (13) demonstrated that APJ has a hypotensive effect in vivo and plays a regulatory role against the vasopressor action of angiotensin II. Recently, Li et al (14) identified apelin and APJ as elements of a new pathway with a role in counter regulation of the renin-angiotensin system which is implicated in blood pressure regulation.
Our study aimed to evaluate the G212A (rs11544374) and A445C (rs948847) polymorphisms of the APJ gene as predisposing factors in a population with coronary artery disease (CAD).
Materials and methods
Study population. A total of 664 Italian patients (530 males, 134 females, mean age 63.2±8 years) were consecutively recruited among stable subjects who presented with a previous event of CAD and referred to the Department of Cardiology of the University Hospital. The presence of previous CAD was defined as evidence upon coronary angiography of a luminal stenosis >75% in at least one major coronary vessel.
Individuals with valvular heart disease, cardiomyopathy, chronic kidney disease and inflammatory disease were excluded.
At study entry, all patients underwent a comprehensive clinical examination and biochemical evaluation. Clinical data included age, gender, BMI, hypertension, hyperlipidemia, diabetes mellitus, smoking habits and family history of CAD.
The control subjects visited our affiliated hospitals or clinics for a physical check-up. Controls were characterized by no history of angina and other heart disease, a normal resting ECG and normal exercise ECG stress testing. They were matched with CAD patients according to age, gender and ethnicity.
The study protocol was approved by our local ethics committee, and written informed consent to participate was obtained from all participants.
Definition of cardiovascular risk factors. Blood pressure was measured three times after a 10-min rest in a sitting position using a calibrate mercury sphygmomanometer. Hypertension was diagnosed when the average of three blood pressure readings was at least 140 mmHg systolic or 90 mmHg diastolic, or in the event the individuals were taking antihypertensive medication. Diabetes mellitus was defined as a prior diagnosis of the disease, a history of antidiabetic medication or plasma fasting glucose levels ≥126 mg/dl on two or more occasions. In this study, all diabetic patients had type 2 diabetes. Cigarette smokers were categorized as ever smokers (including current and former smokers who quit smoking for at least 6 months before the study entry) or non-smokers. A positive family history of coronary disease was defined as documented CAD in parents or siblings before the age of 60 years in men and 70 years in women. Each of these risk factors was coded as a categorical variable as either present or absent.
Assay of the APJ genotype. Genomic DNA was extracted from EDTA-treated blood using the QIAamp DNA Blood Mini kit (Qiagen, Hilden, Germany). Both polymorphisms of the APJ gene were analyzed by polymerase chain reaction-restriction fragment length polymorphism (RFLP-PCR). In brief, a section of the APJ gene that contains the G212A and A445C polymorphisms was amplified by PCR using 5'-GGAGGTGGGAGGAGGAG-3' 5'-CCGTTGCCCGTGGTGCCC-3' and 5'-CAGCATGGA GGAAGGTGG-3' 5'-GACCCGCAGCCTCAGCCG-3' primers, respectively. The conditions of amplification were as follows: 94˚C for 2 min; 30 cycles at 94˚C for 30 sec, 58˚C for 30 sec, 72˚C for 1 min and finally, 10 min at 72˚C. The PCR products were then subjected to DdeI and MwoI (New England Biolabs, Beverly, MA, USA) digestion for 16 h at 37˚C and resolved by electrophoresis on 3% agarose gels.
A second randomized genotyping was performed for quality assurance and 100 (15%) patients were included.
Statistical analysis. All statistical analyses were conducted with use of the SPSS statistical package, version 11.0 (SPSS, Chicago, IL, USA). Kolmogorov-Smirnov test of normality was performed to verify the distribution of continuous data.
Normally distributed data in the groups were expressed as the mean values ± SD. For continuous variables, the differences between the groups were evaluated with an unpaired t-test. A χ 2 test for goodness of fit was used to verify whether the observed allelic frequencies agreed with those expected under Hardy-Weinberg equilibrium. Allelic and genotypic distributions were estimated by allele counting and compared in the CAD and control groups by the χ 2 test. Crude odds ratios (ORs) are reported with their 95% confidence intervals (CIs). The study power was calculated using the StatMate software, version 2.0 (GraphPad, San Diego, CA, USA). Two-tailed p-values <0.05 were deemed to be significant.
Results
The general characteristics of the study participants are depicted in Table I . As expected, the prevalence of common cardiac risk factors was significantly higher in the CAD patients than in the controls.
The distribution of the A445C and G212A polymorphisms is shown in Table II . Genotypes were in Hardy-Weinberg equilibrium both in the patients and in the controls. There were no significant differences in the genotypic or allelic frequencies of the two evaluated polymorphisms between the patients and controls. Considering the role of the apelin system in the renin-angiotensin system which is implicated in blood pressure regulation, our CAD patients were also analyzed accordingly to the presence of hypertension, as reported in Table III . Dividing CAD patients in two subgroups on the basis of the presence of high blood pressure, statistical significant differences were found in the genotypic and allelic frequency distribution of the G212A polymorphism of the APJ receptor. There was a higher frequency of the homozygous GG genotype in patients with hypertension (p=0.0005), while in patients without hypertension there was a significant increase (p=0.0121) in the frequency of the homozygous AA genotype. Furthermore, the distribution of alleles was significantly different in the two subgroups; for patients with hypertension there was a higher G allelic frequency and a lower frequency of the A allele (p=0.0001). The crude OR for the presence of hypertension in subjects bearing the homozygous GG genotype was 2.00 (95% CI 1.45-2.76).
In the control group, the G212A polymorphism was not associated with the presence/absence of hypertension. No difference was present for A445C in patients with and without hypertension.
Discussion
This study investigated the role of the APJ receptor gene as both a susceptibility and modifier candidate gene for CAD. Subsequently, the genotypic and allelic frequencies of the G212A and A445C polymorphisms were evaluated in CAD patients with and without hypertension.
The human APJ gene is located on the long arm of chromosome 11 and encodes a 377 amino acid G protein-coupled receptor with seven transmembrane-spanning domains (19) for which apelin is the only known ligand. In view of the structural properties that the apelin receptor shares with chemokine receptors, it may be preferentially coupled to Gi protein and may consequently inhibit adenylyl cyclase and activate extracellular-regulated kinases. On the other hand, its homology with angiotensin receptor subtypes suggests that it could transduce its effects via a Gq protein (20) .
In our CAD population, genotypic and allelic frequencies for both polymorphisms analyzed were similar to the control group.
The apelin-APJ signaling pathway has emerged as an important novel mediator of cardiovascular control and blood pressure homeostasis (13, 21) . The cardiovascular system is richly endowed with G protein-coupled receptors (GPCRs), which represent the largest group of transmembrane proteins responsible for the transduction of a diverse array of extracellular signals (15, 22) . Dysfunctional GPCR signaling transduction in the cardiovascular system may be an important contributor to the initiation, establishment and/or maintenance of hypertension (22) (23) (24) . Genetic variation in apelin and its receptor likely contributes to essential hypertension, BMI and the onset age of hypertension (14) . APJ and angiotensin receptor 1 as well as apelin and angiotensinogen show significant similarity in tissue distribution, suggesting that apelin and angiotensin II may be involved in the same biological process. Angiotensin is known to be a significant vasopressor, whereas apelin reduces blood pressure. In addition, apelin has not only been observed to alter arterial pressure, but the peptide also exhibits endothelium-dependent vasodilator actions in vivo and positive inotropic actions in the isolated heart (25) . On the basis of these considerations, our study presents significant data with potential clinical implications.
Our results showed that in a subpopulation of patients with hypertension there was a significant increase in the frequency of the G allele than in patients with normal blood pressure. Moreover, a significant increase in the frequency of the homozygous AA genotype was noted in CAD patients without hypertension, when compared with patients with hypertension.
The APJ receptor gene was recently discovered, and the functional characterization of the apelinergic system began just after the identification of its endogenous ligand. In addition, the transcriptional regulation of the APJ gene appears to be complex and is currently poorly understood (26, 27) . For these reasons, the same hypothesis was formulated. The A allele, although its functional role has not yet been identified, may identify a functional recessive allele. We speculate that this polymorphism may not be a marker of CAD, but it may cause a gain in function of the apelin/APJ system and may be a genetic predisposing factor for hypertension. In particular, the APJ receptor gene is unlikely to be a gene causing hypertension, but it appears to be a modifier gene involved in the assessment of risk of hypertension.
A recent study also showed that patients carrying at least one copy of 212A had a significantly lower risk of heart failure (HF)-related events than those who were homozygous for the G212 variant (28) . Our data confirm these results; in fact, the relative risk of HF among patients with hypertension, compared to that of the general population, was estimated to be 1.4 in an analysis from the First National Health and Nutrition Examination Survey (29) .
In conclusion, our findings reveal an innovative line of research into the apelin/APJ system that involves a novel aspect of hypertension development. Greater understanding is also required of the molecular mechanisms governing apelin and APJ gene expression, as well as the processes involved in posttranslational processing and metabolism of apelin peptides. Further investigation into this signaling pathway may further enhance the understanding of the pathophysiology and therapy of hypertension.
